INTRODUCTION
The study of low density intergalactic medium (IGM) is extremely important because it forms the primary reservoir of baryons throughout the cosmic ages. These baryons get accumulated into galaxies in the process of structure formation. The heavy elements produced in galaxies got transported to the IGM by means of outflows driven by supernovae or tidal interactions. Thus the IGM enrichment history provides useful constraints on the star formation history and contribution of various feedback mechanisms at different epochs. The tenuous IGM is detectable in the form of Lyα and heavy element absorption lines in the QSO spectra. Hence the ⋆ E-mail: sowgat@iucaa.ernet.in observation of Lyα and metal lines are crucial to understand the interaction between galaxies and the surrounding IGM.
The observations of C iv and O vi absorption in QSO spectra have established the presence of heavy elements in the IGM unequivocally (Cowie et al. 1995a,b; Songaila & Cowie 1996; Bergeron et al. 2002; Simcoe et al. 2002; Carswell et al. 2002) . The early observations of heavy elements in the high redshift universe were focused on C iv absorption, since it has strongest lines falling in the region free from Lyα contamination. Several high redshift surveys have ascertained that the cosmic density of C iv absorbers has not evolved substantially from redshift z = 5 to z = 1.5 (see Songaila 2001 Songaila , 2005 Boksenberg et al. 2003; Pettini et al. 2003 ; Schaye et al. 2003) . Due to lack of sufficient QSO sight lines, a clear picture is yet to emerge regarding the evolution of C iv at z > 6. However the limited sample of C iv absorbers available until now indeed indicates that a good fraction of metals may already be present in the IGM even at these high redshifts (Songaila 2006; Simcoe 2006; Ryan-Weber et al. 2006; Becker et al. 2006 Becker et al. , 2009 . The enrichment level found by these studies is consistent with [C/H] ∼ −2.8.
Given the low metallicity, the direct detection of metals in the underdense regions [with overdensity, δ(≡ n H /n H ) ≪ 10], which occupy most of the volume of the universe at any given epoch, is beyond the reach of the present day large telescopes. Statistical methods like pixel analysis are used instead (Ellison et al. 2000; Schaye et al. 2003; Aracil et al. 2004; Aguirre et al. 2005 Aguirre et al. , 2008 Scannapieco et al. 2006; Pieri et al. 2006) . They show that metals must be present even in the underdense regions. However the fractional volume occupied by the metals is still unknown.
Even in regions where metal absorption is detected directly, it is unclear what are the main physical processes that maintain the ionization state of the gas. In general, it is believed that photoionization by the meta-galactic UV background keeps the gas ionized. On the other hand, the winds that seed the IGM with metals and the accretion shocks in the evolving density fields may also provide sufficient mechanical feedback to collisionally ionize the gas. Therefore, it is crucial to simultaneously study different species covering a wide range of ionization states to get a better understanding of the metal enrichment and the different ionizing mechanisms at play.
Under photoionization by UV background, the O vi absorption is generally produced from regions of low-density having high ionization parameter. In addition, the high cosmic abundance of oxygen makes O vi a good tracer of metal-enrichment in the lowdensity IGM. In fact photoionization seems to be a viable process for most of the high redshift O vi absorbers (Bergeron et al. 2002; Carswell et al. 2002; Bergeron & Herbert-Fort 2005) . On the other hand, hydrodynamical simulations (Cen & Ostriker 1999; Davé et al. 1999 Davé et al. , 2001 Fang & Bryan 2001; Kang et al. 2005; Smith et al. 2011; Cen & Chisari 2011) suggest that a considerable amount of baryons could reside in the warm-hot phase of the intergalactic medium (called WHIM with T ≈ 10 5 −10 7 K) and this fraction evolves with redshift. Highly ionized species of oxygen such as O vi, O vii and O viii can be useful probes of the WHIM. In the optical regime, O vi is the best species to probe relatively cooler phase (i.e., T ∼ 3 × 10 5 K) of the WHIM because, the ionization fraction of O vi has its maximum around this temperature in case of collisional ionization. Indeed, it has been suggested that a large fraction of the O vi absorption associated with the IGM (Simcoe et al. 2002 and high-z damped Lyα systems (Fox et al. 2007 ) may originate from collisionally ionized gas. Thus the origin of the ionization of the intergalactic O vi absorbers is a matter of debate.
Numerous extragalactic O vi systems have been detected at z < 0.5 with the Far Ultraviolet Spectroscopic Explorer (FUS E) and Hubble Space Telescope (HS T ) (e.g., Tripp et al. 2000; Stocke et al. 2006; Danforth et al. 2006; Tripp et al. 2008 ; Thom & Chen 2008; Lehner et al. 2009; Tumlinson et al. 2011) . However these studies could not establish convincingly whether O vi absorbers are predominantly tracing the WHIM gas or not. They seem to arise in either high metallicity photoionized (e.g., Oppenheimer & Davé 2009) or low metallicity collisionally ionized (e.g., Smith et al. 2011 ) gas loosely associated with galaxies. An alternative tool to detect the WHIM, which is independent of the metal enrichment, is to search for thermally-broadened Lyα absorbers (BLAs) ; Richter et al. 2004 Richter et al. , 2006 Danforth et al. 2010 ; Savage et al. 2010 Savage et al. , 2011 . However, until now the WHIM detection through BLAs has also been ambiguous. The few detections of Ne viii in the FUV regime (Savage et al. 2005; Narayanan et al. 2009 Narayanan et al. , 2011 and O vii in the soft X-ray regime (e.g., Nicastro et al. 2005a,b; Buote et al. 2009; Fang et al. 2010; Zappacosta et al. 2010) possibly hint the existence of the WHIM.
At high redshift (z > 2) previous studies (Simcoe et al. 2002 (Simcoe et al. , 2004 Carswell et al. 2002; Bergeron et al. 2002; Bergeron & Herbert-Fort 2005; Schaye et al. 2007; Frank et al. 2010a,b) have already provided important insights into the properties of O vi absorbers. Here we present a detailed analysis of O vi absorbers using a sample which is twice as large as the previous sample of high-z intervening O vi systems studied at high resolution.
This paper is organized as follows. In section 2 we describe the observations and the data reduction procedure for our data sample. In section 3 we describe the line identification strategy and present the O vi and C iv sample and various physically motivated subsamples. In section 4 we analyze the distributions of O vi Voigt profile parameters and compared them with those of C iv. In this section we also compare the properties of O vi absorption at high and low redshift. In section 5 we discuss the line kinematics of O vi and C iv absorption. In section 6 we present analysis based on total column densities with results of photoionization model as guidelines. In section 7 we summarize our results.
Throughout this paper we use the following cosmological parameters for a flat universe : Ω m = 0.3, Ω Λ = 0.7, Ω b h 2 = 0.02 and H 0 = 71 km s −1 Mpc −1 . The solar relative abundances are taken to be default values used in CLOUDY v(07.02), i.e., log (C/H) ⊙ = −3.61 and log (O/H) ⊙ = −3.31.
OBSERVATIONS
The spectra used in this study were obtained with the Ultra-Violet and Visible Echelle Spectrograph (UVES) (Dekker et al. 2000) mounted on the ESO Kueyen 8.2 m telescope at the Paranal observatory in the course of the ESO-VLT large programme "The Cosmic Evolution of the IGM" . This large programme provided a homogeneous set of 18 QSO sight lines with QSO emission redshifts ranging from 2.1 to 3.3. The raw data were reduced using the UVES pipeline (Ballester et al. 2000) which is available as a dedicated context of the MIDAS data reduction software. The main function of the pipeline is to perform a precise inter-order background subtraction for science frames and master flat fields, and to apply an optimal extraction to retrieve the object signal, rejecting cosmic ray impacts and performing sky subtraction at the same time. The reduction is checked step-by-step. Wavelengths are corrected to vacuum-heliocentric values using standard conversion equations (Edlén 1966; Stumpff 1980) . Combination of individual exposures is performed by adjusting the flux in each individual exposures to the same level and inverse variance weighting the flux in each pixel. Great care was taken in computing the error spectrum while combining the individual exposures. Our final error in each pixel is the quadratic sum of the weighted mean of errors in the different spectra and the scatter in the individual flux measurements. Errors in individual pixels obtained by this method are consistent with the rms dispersion around the best fitted continuum in regions free of absorption lines. The final combined spectrum covers the wavelength range of 3000 to 10, 000 Å with occasional narrow gaps in the red. During the observations, the 2 × 2 binning mode was used yielding a binned pixel size of 2.0 -2.4 km s −1 . A typical signal-to-noise ratio (S/N) ∼ 30 -40 and 60 -70 per pixel was achieved at 3300 and 5500 Å respectively. The typical final spectral resolution is R ∼ 45, 000 (FWHM ∼ 6.6 km s −1 ) over the entire wavelength range. This spectral resolution allows us to resolve lines with b-parameter as narrow as ∼ 4 km s −1 . The unabsorbed QSO continuum is then fitted using low order polynomials extrapolated from wavelength ranges devoid of strong absorption lines. The detailed description of data calibration is presented in Aracil et al. (2004) and Chand et al. (2004) .
DATA SAMPLE AND OBSERVABLES
In this section we describe our line identification strategy, absorption line measurement techniques and various physically motivated subsamples we use for statistical studies.
For the analysis presented here we concentrate on the intervening O vi and C iv systems defined as those with apparent ejection velocity larger than 5000 km s −1 relative to the QSO emission redshift (using z em given in Rollinde et al. 2005; Scannapieco et al. 2006) . The detailed discussions of the associated systems towards QSOs in our sample can be found in Fox et al. (2008) .
Following Scannapieco et al. (2006) we define a system by grouping together all the components whose separation from their nearest neighbor is less than a linking length, v link = 100 km s −1 . These authors have shown that the absorber's properties and in particular the velocity clustering do not change much for velocities smaller than this. Note that the same convention was also adopted by Songaila (2005) .
We have searched for O vi following two different approaches.
(1) First we identify metal line doublets (e.g. C iv and/or Si iv) redshifted beyond the wavelength of the QSO Lyα emission and we look for O vi doublets around this redshift (i.e. within ∼ 100 km s −1 to the C iv or Si iv redshift). The presence of O vi is confirmed after checking the consistency in the optical depths of the two O vi lines. There are 104 C iv systems (see also D'Odorico et al. 2010) along the lines of sight we study over the redshift range where O vi is detectable with S/N > 10. In addition, there is a system (z abs = 2.7356 towards HE 2347−4342) that is identified by the presence of Si iv doublets where the corresponding C iv doublets fall in the narrow wavelength range not covered by our UVES spectrum. The presence of C iv in this system has been confirmed by Agafonova et al. (2007) . The total C iv column density in this system is taken from their measurement. Out of these 105 C iv systems, 72 show detectable O vi absorption. Details of the systems are given in Table 1 . For the other 33 C iv systems, only upper limits on O vi column density can be obtained. These systems are listed in Table 2 . Whenever possible we use rms error in the unabsorbed continuum at the expected position of the O vi doublets to estimate 3σ limit on column density using the same number of components and b-values as seen in C iv. In rest of the cases where there is strong Lyα absorption we use the z and b-values of C iv and generated the minimum O vi profile that explains the observed spectrum. This allows us to get only a conservative upper limit on N(O vi). (2) Secondly, we directly search for the O vi doublets in the Lyα forest. In fact, O vi absorption lines without detectable associated C iv and/or Si iv (and H i) can trace the highly ionized gas that originates from the WHIM with characteristic temperature ∼ 10 5 −10 7 K predicted in some simulations (e.g., Cen & Ostriker 1999 Davé et al. 1999 Davé et al. , 2001 . For each of these identified coincidences we checked the consistency of the shape and optical depth ratios of the O vi doublets. We then checked for the presence of associated Lyα (and possibly higher Lyman series lines) at the redshift of the chosen O vi doublets. While the presence of associated Lyα absorption confirms the O vi identification, it need not be detectable in case O vi comes from collisionally ionized gas. Therefore, we do not impose the detection of Lyα absorption as a necessary criterion to confirm the O vi doublets. We found 12 systems from the presence of the O vi doublet only (an example is shown in Fig. 1 ). In all these cases associated H i is detected. For one of these systems (z abs = 2.7456 towards HE 2347-4342) the wavelength range corresponding to C iv absorption fall in a spectral gap, so that we could not probe the presence of C iv in this system. For the other 11 systems we do not detect any other metal. Apart for the z abs = 2.1767 and 2.3598 systems towards Q 0002-422 and HE 0151-4326, respectively, all other systems show absorption from at least one of the higher Lyman series lines in addition to Lyα (i.e. at least Lyβ). Thus we are confident that these identifications of O vi are secure. However, as we look for the presence of both lines in the doublet it is possible that our method has missed some of the O vi only absorbers where absorption from one of the transitions (or both) is contaminated by Lyα absorption.
We have found six Lyman-limit systems (LLS) with detectable O vi listed in Table 3 . There are 3 more LLS (z abs = 2.7278 & 2.9676 towards PKS 2126-158 and z abs = 2.4512 towards HE 0151-4326) where only upper limits on O vi column densities could be obtained. Note that all the LLS are excluded in the analysis presented in this paper. This is because N(H i) measurement in these systems are uncertain and they may not trace IGM gas which is of prime interest in this study.
The redshifts of all the intervening O vi absorbers (both detections and upper limits) are summarized in Fig. 2 . For each line of sight (mentioned in the extreme right) the vertical tick mark on the left indicates the redshift above which the S/N per pixel of the corresponding spectrum is > 10. This defines the minimum redshift (z min ) for each line of sight as given in column #3 of Table 1 & 4. There are 7 systems listed in Table 4 for which the O vi absorption falls in the spectral region where S/N ≤ 10. To get robust Voigt profile parameters we restrict ourselves to systems detected when the spectrum has S/N > 10. The vertical tick mark on the right indicates the redshift at which the velocity difference from the QSO emission redshift (z em ) is 5000 km s −1 . This defines the maximum redshift (z max ) for each line of sight as given in column #4 of Table 1 & 4. This cut is applied to remove the O vi systems associated with the QSO or QSO neighborhood. Note that the two systems at z abs = 2.0850 towards HE 1341−1020 and z abs = 2.1660 towards PKS 1448−232 falling ∼ 5000 km s −1 from the respective emission redshifts have been included in the sample.
The maximum redshift path covered by the observations with S/N > 10 is ∆z = 7.62 or ∆X = 24.85. However, this should be treated as upper limits as line blanketing by Lyα lines reduce the available redshift path length.
Absorption line measurement techniques

Voigt profile fitting
We use standard Voigt profile fitting and apparent optical depth techniques to derive absorption line parameters. The Voigt profile fit provides best fitted values of the column density (N), velocity dispersion (b) and redshift (z) for each component. The absorption lines originating from individual species (H i, C iv and O vi) are fitted using all the detected transitions with minimum number of components required to get the reduced χ 2 close to 1. Whenever possible, we have tied the O vi and C iv components in redshift. However, most of the systems are best fitted by components with different sets of parameters for O vi and C iv. We use all the available Lyman series lines to extract N(H i). In this case also whenever possible component structure from metal lines were used to constrain the redshifts of individual H i components.
We also have independent Voigt profile decompositions for 51 O vi systems along 12 lines of sight (indicated by underlined QSO names in column #1 of Table 1 ) performed by Bergeron & Herbert-Fort (2005) using VPFIT 1 (Webb 1987; Rauch et al. 1992) . In this case fits to H i, C iv and O vi absorption were performed independently without constraining the redshifts of any components. As the O vi absorption lines fall in the Lyα forest, some amount of subjectivity (wavelength range used, placement of components and number of components etc.,) is involved in the Voigt profile decomposition. However, the availability of decompositions derived using two independent procedures allow us to investigate the statistical influence of the fitting procedures.
In total we find 239 individual Voigt profile components for O vi (with 12.75 ≤ log N(O vi)[cm −2 ] ≤ 14.49) and 318 components for C iv (with 11.58 Table 4 . Details of additional O vi systems detected in the spectral range where continuum S/N ≤ 10 Tables 1 and 4 in columns #6, #7 and #8, respectively. These are obtained by summing the column densities in individual Voigt profile components in a given system.
Apparent optical depth (AOD)
For each of these systems we have calculated the velocity width for O vi and C iv (when detected) absorption using AOD technique. Following Ledoux et al. (2006) , the absorption velocity width, δv, has been calculated as [v(95%) − v(5%)], where v(95%) and v(9%) are the velocities corresponding to the 95 and 5 percent percentiles of the apparent optical depth distribution. Note this definition is slightly different from that used by Songaila (2006) , who defined the velocity spread as the velocity range over which the optical depth is larger than some fraction of the peak optical depth. As pointed out by Songaila (2006) , the velocity spread measurements are very sensitive to the velocity range over which the absorption is studied. Songaila (2006) used regions within 350 km s −1 either side of the peak optical depth. This in turn restricts the maximum measurable width to 700 km s −1 . In order to be consistent with our definition of a system, we consider here the velocity range covered by the Voigt profile components with no gap larger than 100 km s −1 (i.e. v link ∼ 100 km s −1 ). The δv(O vi) is sometimes difficult to measure because of blending in the Lyα forest. Therefore, we introduce an index δ type (see column #11 of Tables 1 & 4) which takes the value 0, +1 and −1. The systems with δ type = 0 are the ones for which O vi absorption is well defined based on both the O vi lines. Systems with δ type = +1 and −1 are those for which the measured width should be considered as an upper and lower limit, respectively. There are 54 systems with δ type = 0.
We also calculate the first moment of the apparent optical depth distribution which gives us the optical depth weighted redshift for both C iv and O vi (i.e.z C iv andz O vi ). This allows us to calculate the velocity shift (called |∆v(O vi − C iv)|) between the O vi and C iv absorption originating from the same system. Fig. 3 illustrates the way we measure δv. Bottom panel shows the observed O vi profile and the best fitted Voigt profile. In the middle panel we plot the AOD profile as a function of velocity. The top panel shows the integrated optical depth starting from a minimum velocity. The left and right vertical dashed lines mark the velocities at which the integrated optical depth is 5% and 95% of the total optical depth respectively. The velocity difference between these two lines gives δv. For clarity, the zero velocity is fixed at z O vi so that integrated optical depth is 50% at v = 0 km s −1 . If both O vi and C iv absorption originate from the same gas with constant density and homogeneous ionization conditions then the velocity offset measured betweenz O vi andz C iv should be zero (i.e. |∆v(O vi − C iv)| = 0). Any mismatch of the optical depth weighted redshifts between species could be interpreted as (a) relative line of sight velocity between the two species (as expected in the case of O vi originating from different interfaces like evaporating region, cooling front or shocked gas) or (b) ionization inhomogeneity along the line of sight. The measured δv(O vi), δv(C iv) and |∆v(O vi − C iv)| in our sample are summarized in column #12, #13 and #14 of Tables 1 & 4, respectively.
Sub-samples of O vi systems
As O vi originates from a whole range of physical conditions and because of blending, the characteristics of the O vi absorption are difficult to extract. Hence, we build different subsamples depending on the issue we want to address.
The H i column density and b-parameter are very important for understanding the physical state of O vi gas (see e.g., Tripp et al. 2008 ). In particular, to investigate whether the gas is photoionized, we need to know N(H i) in individual O vi components. So we define "Case-A" systems as the ones where at least one of the Lyman series line is unsaturated. In principle these systems also enable us to derive b-values for most of the H i components. There are 35 systems classified as "Case-A" systems in our sample. The systems shown in the left and middle panels of Fig. 4 are examples of "Case-A" systems. There are 10 systems where at least one H i absorption is unsaturated for some of the components. We call these systems at "Case-A/B". The right most panel in Fig. 4 is an example of such a case. In the remaining systems most of the H i absorption is saturated and Voigt profile measurements are uncertain. We call these systems "Case-B". We notice that several of the "Case-B" systems show absorption lines from low ionization species such as C ii, C iii, Si iii/Si iv etc. The information regarding the presence of low ions is also given in column #15 of Tables 1, 2 and 4. In total there are 46 systems where low ions are detected. Note that the C iii information is not available in our sample for z 2.2.
We also classify the systems based on the presence of unblended O vi doublets. Out of 84 systems only 29 systems have both O vi lines unblended for which we are able to perform robust Voigt profile fits. We call this sample as "robust sample" as far as Voigt profile parameters are concerned (these are marked as "dd" in column #9 of Tables 1 and 4 ). An example of such a system is shown in the left panel of Fig. 4 . In 30 other systems one of the O vi lines is blended (as in the middle panel of Fig. 4 ). Here the O vi fit relies mainly on the unblended line. We denote these systems as "bd" in column #9 of Tables 1 and 4. In the remaining 25 systems both lines are partially blended (as in the right panel of Fig. 4 ). In this case (referred to as "bb" in column #9 of Tables 1 and 4) we use part of the profiles of both O vi lines to fit the Voigt profiles. In most of these cases the additional absorption is treated as due to intervening Lyα absorption. Therefore, the Voigt profile parameters (number of components and b-values) are uncertain.
ANALYSIS BASED ON VOIGT PROFILE FIT
In this section we discuss the distributions of various parameters derived from our Voigt profile fits.
b-parameter distribution
The b-parameter derived from Voigt profile fit provides only an upper limit to the kinetic temperature of the gas. Thus, we do not attempt to constrain the physical state of the O vi gas using individual b-values, instead we draw some broad conclusions using the b-parameter distributions.
First, we compare our O vi b-parameter distribution for the 12 lines of sight with that of the Bergeron & Herbert-Fort (2005) . The Kolmogorov-Smirnov (KS) test suggests that the two distributions are drawn from the same parent population with a 32% probability for the observed deviation in the cumulative distributions to occur by chance.
In the bottom panel of In the case of collisional ionization, the fraction of oxygen in O vi peaks around T ∼ (2 − 3) × 10 5 K, which corresponds to b(O vi) ∼ 14.4 km s −1 . This is very close to the median b(O vi)-value of our full sample. This is shown by the left vertical dashed line in Fig. 5 . There are 52% (and 62% for the dd subsample) components having b-parameters less than 14.4 km s −1 suggesting photoionization (and/or non-equilibrium collisional ionization at high metallicities) is the dominant process in these systems. On the other hand, the O vi fraction will be less than 0.01 when T ≥ 6 × 10 5 K (see Gnat & Sternberg 2007) 
25.5 km s −1 (second vertical line in Fig. 5) . Therefore under the purely thermally broad- ened case one does not expect the O vi b-parameter to be higher than this unless the metallicity and/or N(H) is very high. These systems will also have broad and shallow associated Lyα. We find 14% (and 8% for the dd subsample) of the components having bvalues higher than this. Most of these high b components in our sample are part of blends where the O vi profile is decomposed into multiple Voigt profile components. Isolated O vi components with b(O vi) > 25 km s −1 are very rare. Note that very few such isolated broad O vi components together with broad albeit shallow Lyα absorption are detected at low-z (see e.g., Savage et al. 2010 Savage et al. , 2011 . These are interpreted as collisionally ionized gas with T ∼ 10 6 K. The non-detection of such systems in our sample may be attributed to the bias introduced by line blanketing and blending due to the Lyα forest absorption.
The temperature for which the ionization fraction of C iv peaks under collisional ionization equilibrium is ∼ 1.1 × 10 5 K, or b(C iv) = 12.40 km s −1 . Sixty seven percent of the C iv components have b-parameter less than this suggesting that a considerable fraction of C iv originates either from photoionized gas or from nonequilibrium cooling gas with high metallicity (i.e. Z ∼ 1.0 Z ⊙ ). It is apparent from Telescope Imaging Spectrograph (STIS) on board HST. The spectral resolution of STIS data is ∼ 7 km s −1 , very much similar to the one used here but the STIS spectra are slightly under-sampled. Even though the S/N of STIS spectra are typically a factor of two lower than those of our UVES data, the contamination by intervening H i absorption is less severe in the low-z sample. In the bottom panel of Fig. 6 we show the two O vi b-distributions. We restrict the comparison to systems with log N(O vi) (cm −2 ) > 13.6 which is the completeness limit of the STIS sample. The median b-values for the low and high-z O vi components are 24.0 and 14.6 km s −1 (13.2 km s −1 for the dd subsample), respectively. It is interesting to note that almost 87% of the low redshift b-parameters are consistent with the temperature expected from collisional ionization, i.e., b(O vi) > 14.4 km s −1 (first dashed vertical line), only 53% (44% for the dd subsample) of the high redshift components satisfy this.
Almost 43% of the low redshift components are consistent with b > 25.5 km s −1 (second dashed vertical line). In our high redshift sample, only 16% (9% for the dd subsample) components show b-value greater than 25.5 km s −1 . The overall b-distribution of our sample is significantly different from that of the low-z sample as can be seen from the cumulative distributions plotted in the top panel of the Fig. 6 . A two sided KS-test gives a maximum departure between the two distributions, D = 0.41 with a probability, P = 3.9 × 10 −6 that the two samples are drawn from the same parent population. The difference is even more when we compare the lowz sample to our dd subsample as can be seen from the cumulative distributions.
In summary, we find that at high redshift, the b-parameter distributions of C iv and O vi are significantly different with O vi absorption being wider than C iv, suggesting that the two species Table 5 . Results of decomposition of thermal and non-thermal contributions to the line broadening 
trace different phases of the absorbing gas. The b(O vi) distribution at high-z is very different from that at low-z as measured by Tripp et al. (2008) . Recently Fox (2011) has drawn a similar conclusion using the high-z Voigt profile fitting results of Bergeron & Herbert-Fort (2005) .
Thermal and non-thermal contributions to b-parameters
In the previous section we find that on an average b-parameters of O vi measured at low-z are higher than that measured at high-z. For species located in the same physical region, the non-thermal part is supposed to be identical whereas the thermal part scales inversely with the mass of the ion.
Line saturation in the case of Lyα and blending with H i lines in the case of O vi make the robust estimation of b-parameters for H i and O vi difficult in our sample. In addition we need to ensure that there is a good alignment between O vi and H i absorption. Hence we select systems using the following two criteria : (1) The component structure of H i is well defined and one of the available Lyman series lines is unsaturated (i.e. "Class-A" absorbers as defined in Table 1 ). (2) The O vi profiles are well defined and the velocity offset between H i and O vi absorption centroids are consistent with zero within 3σ uncertainty. We also avoid systems with low ion absorption lines as H i seems to be predominantly associated with the low-ionization phase when these species are present (see section 6). Thus by using these selection criteria we minimize the probability that these absorbers have a multiphase structure.
We find only 13 systems with 19 Voigt profile components (identified by vertical dashed lines in Fig. 7) satisfying the conditions listed above. This is only ∼ 15% (i.e. 13 out of 84 systems) of our full sample. There are 6 systems showing only O vi and H i absorption (i.e. "O vi only" systems). In the remaining 7 systems both O vi and C iv absorption are seen. In 6 of them O vi and C iv components are remarkably aligned. In these cases we estimate the temperature and b nt using both
Only in the case of the z abs = 2.0748 system towards HE 2217-2818, the corresponding C iv component is ∼ 4.2 km s −1 away from the O vi component and hence it is not used in our analysis.
The results of the decomposition in thermal and non-thermal broadening are summarized in Table 5 . Columns #1, #2 and #3 list, respectively, the QSO name, system redshift (z sys ) and the velocity of the component (v rel ) with respect to the systemic redshift. Columns #4, #5 and #6 give b-values of H i, O vi and C iv components, respectively. The corresponding column densities are given in columns #7, #8 and #9 respectively. The non-thermal contribution to the broadening and the estimated temperature are listed in columns #10 and #11, respectively Fig. 8 it is apparent that the b nt distributions at high and low-z are significantly different. This is confirmed by a two sided KS test with a probability that the two distributions differ much greater than 99.9%.
The median value of the temperature distribution in both high and low redshift samples is found to be ∼ 3 × 10 4 K. The KS test shows that the temperature distribution of low-z sample is not significantly different from high-z sample (∼ 38% probability that the difference is occuring by chance). It is interesting to note that 
while none of the components has temperature log T ≥ 5.3 (which would favor collisional ionization for O vi), 42% of the components (i.e. 8 out of 19 components) show 4.6 ≤ log T ≤ 5.0, which is warmer than the temperatures expected in photoionization equilibrium. These higher temperatures can be obtained in a rapidly cooling over-ionized gas that was shock heated through mechanical processes such as galactic winds. We thus compare the observed N(O vi)/N(H i) in these well aligned components with the non-equilibrium collisional ionization models of Gnat & Sternberg (2007) assuming the temperature derived from b(H i) (given in column #12 of Table 5 ) and find that the observed ratios can not be reproduced by these models (even when we use maximum gas temperature) for gas phase metallicity less than solar. Thus it seems that the ionization state is probably maintained by the UV background radiation which is expected to dominate when T ≤ 10 5 K (see Fig.  9 of Muzahid et al. 2011 ).
In Table 6 we summarize the Spearman rank correlation analysis to search for possible correlations between b nt , log T and other observables of O vi absorbers discussed here as well as in Tripp et al. (2008) . In all the correlation analysis presented in this paper, the correlation coefficient and its significance are denoted by ρ s and ρ s /σ, respectively. As expected, b nt and log T are strongly correlated to b(O vi) and b(H i), respectively, with a very 
Column density distributions
In this section, we study the column density distribution functions (CDDF) of C iv and O vi systems in our sample. We use the usual parametrization of the column density distribution function, i.e.,
where, f (N) is the number of systems/components per unit column density interval per unit redshift path length defined as,
We use the maximum likelihood method to estimate the power law index, β. The column density distribution functions of O vi systems (top) and components (bottom) are shown in the left panel of Fig. 9 . The (blue) squares in the bottom panel correspond to the O vi component CDDF derived from the fits by Bergeron & Herbert-Fort (2005) for only 12 sight lines. It is in good agreement with our results based on the full sample. As mentioned above, we cover a redshift path (∆z) of 7.62 (and ∆X = 24.85) with the full sample where the S/N is > 10 per pixel. This figure shows that our survey is not severely affected by incompleteness for log N(O vi) > 13.7 as indicated by the vertical dotted line.
A maximum likelihood fit to our data gives a power law index of β O vi = 1.9 ± 0.1 for O vi systems and β O vi = 2.4 ± 0.2 for O vi components for log N(O vi) > 13.7 . We would like to mention that in the subsample dd where both lines in the doublet are unblended, we find β O vi = 2.2 ± 0.3 for systems and β O vi = 2.7 ± 0.4 for components . These values are somewhat steeper than, albeit consistent with, the full sample within the measurement uncertainties. For a sample of low redshift (z < 0.15) O vi absorbers with Lyα rest frame equivalent width (W Lyα ) ≥ 80 mÅ, Danforth & Shull (2005) found β O vi = 2.2 ± 0.1 for the components. In a latter paper studying an extended sample of O vi absorbers, Danforth & Shull (2008) found β O vi to be 1.98±0.11. In addition, we have performed a maximum likelihood analysis on the low-z sample of Tripp et al. (2008) and found β O vi = 2.3 ± 0.2 for components and 2.0±0.2 for systems for log N(O vi) > 13.7. Therefore the β O vi measurements at low-z are consistent with our estimations.
The right panels of Fig. 9 show the C iv column density distribution function for components (lower panel) and systems (upper panel). Incompleteness limit is clearly log N(C iv)(cm −2 ) ≥ 12.6 as shown in the figure by a vertical dotted line. Using maximum likelihood analysis, we find, β C iv , to be 1.6±0.1 for systems and 1.9±0.1 for components for log N(C iv) > 12.6. Our results are consistent with the earlier findings (Petitjean & Bergeron 1994; Songaila 2001; D'Odorico et al. 2010 ) within 1σ uncertainty when we use similar column density cutoff (i.e. log N(C iv) > 13.0; see Table 7 ).
O vi and C iv cosmological densities
In this section we compute the contribution of O vi and C iv absorbers to the baryon density using our column density estimates. The cosmic density of the O vi absorbers can be expressed as :
with an associated fractional variance (as proposed by Storrie-Lombardi et al. 1996):
where H 0 is the Hubble constant, m O is the atomic mass of oxygen, ∆X and ρ cr are the total redshift path and the current critical density, respectively. We find Ω O vi = (1.0 ± 0.2) × 10 −7 for log N(O vi) > 13.7. If we include the LLS in our calculation then Ω O vi = (1.3 ± 0.3) × 10 −7 for the same column density cutoff. Using the column densities of 12 intervening systems listed in Table 2 for logN(O vi) > 13.7 which is in good agreement with what we find here. For the 12 lines of sight our estimated value of Ω O vi is in excellent agreement with Bergeron & Herbert-Fort (2005) .
It is also possible to calculate the fractional contribution to the cosmological density of the baryons associated with the O vi phase, provided the ionization fraction of O vi ( f O vi ) and the metallicity (Z) of the gas are known, viz.,
Where µ = 1.3 is the mean atomic weight and m H is the mass of the hydrogen atom. For log N(O vi) > 13.7 the value of Ω O vi
e. O vi absorbers contribute 2.8% to the total baryon density at redshift z ∼ 2.3. For a more typical IGM metallicity of Z = 0.01Z ⊙ this contribution can go up to ∼ 30%. At low redshift (z < 0.4) Danforth & Shull (2008) derived Ω O vi IGM /Ω b = 0.073 ± 0.008 down to log N(O vi) = 13.4 and 0.086 ± 0.008 down to log N(O vi) = 13.0 (for f O vi = 0.2 and Z = 0.1Z ⊙ ).
Using Eqn. (3) for log N(C iv) > 12.6, we find Ω C iv = (2.4 ± 0.6) × 10 −8 without including Lyman limit systems. Inclusion of LLS increases the value up to (5.3±2.1)×10 −8 . This value compares well with the previous estimations (Songaila 2001; Simcoe et al. 2004; Scannapieco et al. 2006; D'Odorico et al. 2010 ) for a similar redshift range as can be seen from Table 8 . For completeness, the recent Ω C iv measurements for z > 5 are also summarized in this table.
b − N correlation
A correlation between column density and b-parameter of O vi components has been predicted by theoretical studies of hot ionized gas (see Edgar & Chevalier 1986; Heckman et al. 2002) as a natural consequence of radiatively cooling hot gas passing through a coronal regime. Heckman et al. (2002) have shown that such a correlation exists in a wide variety of astrophysical environments (such as Galactic disk, halo, High Velocity Cloud (HVC), Large Magellanic Cloud (LMC), Small Magellanic Cloud (SMC), starburst galaxies, IGM etc.). These authors have also shown that the relationship be- Tripp et al. (2008) on the other hand, report no convincing evidence of such correlation for the low redshift intergalactic O vi absorbers. Lehner et al. (2006) revisited the Heckman et al. (2002) model and found that their sample of O vi absorbers is consistent with the model but the observed N(Ne viii) is much less than the model prediction.
In Fig. 10 we plot the O vi b-values against column densities in individual components for our full sample. The dashed curve shows the 5σ detection threshold of our data assuming S/N ∼ 10 in the forest. The limiting equivalent width for a given b-value has been calculated using the prescription by Hellsten et al. (1998) . This limiting equivalent width is then converted to a column density assuming the optically thin case. The vertical dotted line at log N(O vi) = 13.7 shows our sample completeness (see section 4.3). For log N(O vi) > 13.7 the b − N space is uniformly populated by the data points indicating the lack of any significant correlation. The results of Spearman rank correlation analysis performed between N(O vi) and b(O vi) in our full sample and various subsamples are given in Table 9 . No statistically significant correlation is found in any of these cases when appropriate column density limit (i.e. log N(O vi) > 13.7) is considered.
ANALYSIS BASED ON APPARENT OPTICAL DEPTH
In this section, we study the line kinematics of O vi and C iv absorption using the line spread (δv) and the velocity shift (∆v) between the C iv and O vi optical depth weighted redshifts defined in section 3.1.2. For most of the discussions presented below, unless otherwise stated, we restrict ourselves to the δ type = 0 subsample defined in Table 1 .
Line spread (δv) distribution
In the left panel of Fig. 11 , we show the δv distribution of O vi systems (solid histogram) and C iv systems (dashed histogram, including all C iv systems). The median value of δv(O vi) is 66 km s −1 and the maximum observed value is 340 km s −1 . The median value of δv(C iv) is 58 km s −1 . The δv distributions of O vi and C iv, appear fairly similar except in the first velocity bin. If the latter is considered, the KS-test gives a probability of 0.1% that the two distributions are drawn from the same population (see top panel in Fig. 11 ). However if it is excluded, then the KS-test shows only a ∼ 52% probability that the two distributions differ. The lack of O vi systems with δv(O vi) < 40 km s −1 could be related to the difficulty in detecting narrow systems in the Lyα forest.
In the right panel of Fig. 11 , we plot the C iv line spread against that of O vi. The (red) filled circles are for systems with δ type = 0. A strong correlation between δv(C iv) and δv(O vi) is apparent from the figure. The Spearman rank correlation coefficient for the robust measurements is ∼ 0.81 with ∼ 5.3σ significance. The slope (0.81 ± 0.11) and the intercept (−8.60 ± 9.17) of the best fitted straight line to the (red) solid circles indicates that the spread of C iv absorption is systematically smaller than that of O vi for a given δv(O vi).
There are three O vi (top panel of Fig. 12 ) and three C iv systems (bottom panel of Fig. 12 ) with δv > 200 km s −1 . These large velocity spreads could be related to either (a) large scale winds as seen in Lyman break galaxies (Adelberger et al. 2003 (Adelberger et al. , 2005 , (b) redshift clustering of absorbing gas (Scannapieco et al. 2006) or (c) mere chance coincidence of randomly distributed absorbers (Rauch et al. 1997) . The core of the Lyα absorption in all three systems where δv(O vi) > 200 km s −1 is highly saturated whereas the high velocity components show weak Lyα absorption and relatively strong metal absorption. This could mean that the gas in these high velocity components is highly ionized and possibly of high metallicity. On the other hand, if the three systems where δv(C iv) > 200 km s −1 follow the correlation seen in Fig. 11 , we expect them to have δv(O vi) > 200 km s −1 . However, δv(O vi) could not be measured due to either low S/N (in two cases) or blending with strong Lyα lines. The system at z abs = 2.2750 towards HE 2347−4342 is showing unsaturated well connected wide spread Lyα absorption with signature of high ionization. For the other two systems strong C iv is seen with heavily saturated Lyα. The system at z abs = 2.8265 towards HE 0940−1050 which shows largest velocity spread (δv(C iv) ∼ 375 km s −1 ) for C iv in our sample is possibly associated with a Lyman break galaxy (LBG) at an impact parameter of 150 h −1 kpc (Crighton et al. 2011 ). Hence it is extremely important to have a detailed spectroscopic survey of galaxies around the redshifts of such large δv systems to understand the possible origin of O vi absorbers.
Correlation of δv with other parameters
In this section we explore any possible correlation between δv and other observable parameters (see Fig. 13 ). The strongest correlation is seen between δv(O vi) and N(O vi). The Spearman rank correlation coefficient is 0.72 and the correlation is confirmed at 5.3σ level. While systems with low δv are seen over a wide range of N(O vi), the systems with δv ≥ 100 km s −1 are seen when log N(O vi) 14. Thus the above mentioned correlation is due to the lower envelop one can see in the figure. As δv is mainly related to the number of components, this lower envelop can not be attributed to a detection bias. This is confirmed by the presence of a significant correlation (i.e. ρ s = 0.64 with a 4.0σ significance) even when we restrict our analysis to systems with log N(O vi) > 13.7.
Interestingly, a similar correlation is also seen between N(C iv) and δv(C iv) (i.e. ρ s = 0.57 with a 5.8σ significance). The correlation is significant even when we restrict our analysis to systems with log N(C iv) > 12.6 (i.e. ρ s = 0.42 with a 3.7σ significance). These results are consistent with what is seen in Fig. 9 of Songaila (2006) , who found C iv systems with peak optical depth greater than 0.4 to show larger velocity extent compared to systems with lower peak optical depth. Songaila (2006) suggested that some of the wider C iv systems found among those with high peak optical depth could be associated with galaxy outflows.
We also find a 3σ correlation between δv(O vi) and N(H i) and a 4.5σ correlation between δv(C iv) and N(H i). It is clear from Fig. 13 that for both O vi and C iv, δv ≥ 100 km s −1 is seen mainly in systems with log N(H i) 15. Such high column densities are generally associated with high over density regions (see e.g., Schaye 2001) . In the following section, we show that the systems with log N(H i) > 15.0 have associated low ion absorption. Low ions usually trace higher density regions if the gas is photoionized by the meta-galactic UV radiation (see e.g., Rauch et al. 1997 ). All these suggest that the O vi or C iv absorbing gas with high velocity spread is probably related to overdense regions. We do not find any strong correlation between δv(O vi) or δv(C iv) with either redshift, 
Velocity shift (∆v) distribution
In this section, we discuss the velocity offset between the O vi and C iv absorption originating from the same system. Here, we do not attempt to estimate the offset between individual components as our main aim is to find the optical depth weighted phase separation between C iv and O vi and how this is related to other measurable quantities. In most of the cases, the O vi absorption is wider than the C iv one (see section 5.1) and has a larger number of components. We use only systems where both C iv and O vi profiles are well defined at least in one of the doublets and calculate the optical depth weighted redshifts (i.e.z O vi andz C iv ). The velocity shift between these two redshifts is then, Hence |∆v(O vi − C iv)| can be seen as a measure of the ionization inhomogeneity among components. Our analysis suggests that O vi systems with large ionization inhomogeneities across the profile are rare. In addition, the median value of the velocity shift distribution for systems with low ions (∼ 10.4 km s −1 ) is higher than that for systems without low ions (∼ 6.8 km s −1 ). Hence, the ionization inhomogeneity seems to be more important in the systems where low ions are detected. But due to the small number of data points the KS test do not show any significant difference between the shift distributions for systems with and without low ions.
We find a mild (at ∼ 2.5σ significance level) correlation between either δv (O vi) or N(O vi) and |∆v(O vi − C iv)| (see Fig. 14) . 
ANALYSIS BASED ON TOTAL COLUMN DENSITIES
Here we study the distributions of measured column densities of different species, their ratios and dependencies between them. Upper limits are not considered for the analysis.
Redshift evolution of column density ratios
In Fig. 15 we plot the redshift evolution of various column density ratios. In all the panels (red) stars represent systems with detectable low ions and (black) open circles are for systems without low ions.
The Spearman rank correlation analysis performed between various column density ratios and redshift do not reveal any significant correlation. We also find that the presence of low ions does not influence this result. One of the interesting features of the left most panel in Fig. 15 is the scarcity of data points with log N(O vi)/N(H i) > −0.5 for z > 2.5. Bergeron & Herbert-Fort (2005) identified such systems as a separate population of O vi absorbers with high metallicity (see also Schaye et al. 2007) . Such high values of N(O vi)/N(H i) ratio are also seen in proximate O vi absorbers (Fox et al. 2008; Tripp et al. 2008) . Therefore, these absorbers may either trace high metallicity gas or regions ionized by AGN like sources. Hence, confirming the redshift evolution of these absorbers will be very important. It is to be noted that similar trend (i.e., lack of data points with high N(C iv) to N(H i) ratio for z > 2.5) is apparent from the right most panel of Fig 
Relationship between column densities of various species and viability of photoionization model
In this section, we investigate the total column densities of various species and any correlation between them. We compare these with simple photoionization model predictions using "CLOUDY v(07.02)" (Ferland et al. 1998) . We would like to point out here that such a single phase photoionization model may oversimplify the problem in view of the possible multiphase structure of the absorbing gas, but such models are often used as a guideline to draw broad conclusions on the nature of the O vi absorbers (e.g. see, Simcoe et al. 2002; Carswell et al. 2002; Bergeron et al. 2002; Bergeron & Herbert-Fort 2005; Schaye et al. 2007; Muzahid et al. 2011) . The model assumes the absorbing gas to be an optically thin plane parallel slab illuminated by the meta-galactic UV background radiation contributed by QSOs and Lyman break galaxies at the median redshift (i.e. z = 2.3) of our survey. We use "HM05" background radiation available in CLOUDY v(07.02) based on the UV spectrum calculated using the method described in Haardt & Madau (1996) . For simplicity, we assumed solar relative abundances and run our model with two different values of metallicities (i.e. Z = 0.1 and 0.01 Z ⊙ ). In this model, we incorporate the relation between the particle density and the observed H i column density as given in Schaye (2001) , i.e.,
N(H
where, δ denotes over-density, f g is the gas mass fraction normalised to it's universal value (i.e. Ω b /Ω m ). All other symbols have their usual meaning. We have introduced a fudge factor called κ and run this model for three different values of κ (0.5, 1 and 2). For the original equation of Schaye (2001) , κ = 1. Hence, for a given N(H i), κ > 1 implies lower density (higher ionization parameter) compared to what is predicted by Schaye (2001) . The temperature is calculated from the standard T − δ relation given by Hui & Gnedin (1997) i.e. T = T 0 δ γ−1 with T 0 = 2 × 10 4 K and γ = 1.1. This temperature is very close to the photoionization temperature for the density range of interest here.
N(O vi) vs N(H i)
In the panel-(A) of that N(H i) is predominantly coming from the low ionization phase of the absorbing gas whenever low ions are detected. This is why we do not use systems with low ions (even when metals are aligned with H i) when we measure thermal and non-thermal contribution to the b-parameter in section 4.2. Although there is no statistically significant trend between N(O vi) and N(H i), the O vi column density seems to be systematically higher when low ions are present. The median value of log N(O vi) for systems with low ions is found to be 0.4 dex higher compared to that of the systems without low ions. A two sided KS test shows that the N(O vi) distribution between systems with and without low ions are indeed different (D = 0.44 and Prob. = 7.3 × 10 −4 ). It is evident from the model curves that the systems with log N(H i) > 14.5 can be roughly reproduced by our simple model for metallicity ranging from 0.01 to 0.1 Z ⊙ . The systems in the topright corner of the figure can also be reproduced with higher κ values (i.e. κ 5) and with low metallicity (i.e. ∼ 0.01Z ⊙ ). It is to be remembered that associating entire H i column density measured in a system to the O vi bearing phase will essentially underestimate the metallicity. If, in case of systems with low ions, most of the H i comes from the lower ionization phase then the (red) stars will move towards the left in this plot requiring higher metallicities. Most interestingly, the systems with log N(H i) < 14.5 and log N(O vi) > 14.0 can not be reproduced by our simple model with metallicity Z = 0.01Z ⊙ (thin curves) irrespective of the κ values used. These systems require metallicity 0.1Z ⊙ provided the ionization is dominated by the meta-galactic UV background.
In the low redshift studies, the N(H i)/N(O vi) vs N(H i) plot is used as an indicator of multiphase medium. For collisional ionization, the O vi ionization fraction peaks at ∼ 10 5.5±0.3 K (see Sutherland & Dopita 1993; Gnat & Sternberg 2007) and hence O vi is the most promising species in the UV-optical regime to probe the hard-to-detect hot gas phase in the intergalactic medium, namely, the WHIM. On the other hand most of the Lyα lines are believed to trace relatively cool (T ∼ few ×10 4 K) photoionized gas, namely, the warm ionized medium. To investigate the relative importance of the warm photoionized and hot collisionally ionized gas, it is customary to plot the "multiphase ratio" i. is a very similar plot and it reveals a strong anti-correlation between N(O vi)/N(H i) and N(H i). This is not very surprising because it is the manifestation of N(O vi) being not strongly correlated with N(H i). Note that the best fit straight line to our data (dashed line) gives a slope and intercept very similar to what is obtained at low redshift (dotted line) by Danforth & Shull (2005) . We find that the systems with low ions show slightly higher N(O vi)/N(H i) value for a given N(H i). However, the slope of the best fitted straight lines for systems with and without low ions are very similar.
N(C iv) vs N(H i)
Unlike N (O vi) , N(C iv) seems to be correlated with N(H i) (see panel-(C) of Fig. 16 ). A Spearman rank correlation analysis suggests a correlation with rank coefficient ρ s = 0.41 and a 4.2σ significance level. We find that this correlation is mainly dominated by the systems with low ions. In fact no trend is seen between N(C iv) and N(H i) for systems without low ions. The shaded points in this panel represent the systems where we have upper limits on O vi column density as listed in Table 2 , and they are predominantly lying in the lower half plane. The median value of log N(C iv) (i.e. 12.64) in these systems is 0.5 dex less than that for the rest of the systems. A two sided KS test indeed shows that the distribution of these points are different from the rest of the data points with ∼ 98% probability. The non-detection of O vi in most of these systems is consistent with the average N(O vi)/N(C iv) ratio in our sample.
The trend of increasing N(C iv) with N(H i) is well reproduced by our simple model. Unlike in the case of N(O vi), the difference in the predicted curves at a given N(H i) and metallicity is very small for the range of κ used in our models (in particular for 14 ≤ log N(H i) ≤ 16). Again here, most of the systems with log N(H i) > 14.5 can be well accommodated with the model curves for metallicity ranging from 0.001 to 0.1 Z ⊙ . On the other hand systems with log N(H i) < 14.5 and log N(C iv) 13 require metallicity Z 0.1Z ⊙ irrespective of κ.
N(O vi)/N(C iv) vs N(H i)
In panel-(D) of Fig. 16, the N(O vi) /N(C iv) ratio is plotted against the H i column density. A strong anti-correlation (∼ 4.3σ level)
is seen between N(O vi)/N(C iv) and N(H i). Since N(O vi) shows a mild correlation whereas N(C iv) shows strong correlation with N(H i), such anti-correlation is expected. It is to be noted that the anti-correlation seen in the full sample is again dominated by the systems with low ions. No trend is suggested by Spearman rank correlation analysis for the systems without low ions. As the O vi to C iv column density ratio mainly depends on the ionization parameter in this single phase model both the thick and thin curves fall on top of each other. Note that the observed anti-correlation is well reproduced by our model apart from a few systems with very low N(H i).
SUMMARY & CONCLUSIONS
We presented a detailed analysis of 84 O vi and 105 C iv systems at z ∼ 2.3 detected in high resolution (R ∼ 45,000) spectra of 18 bright QSOs observed with VLT/UVES. Here we summarize the main results of our survey.
• Multiphase nature of the gas : Consistent with the previous studies, we show that O vi components have systematically wider Doppler parameters (b) compared to those of C iv components. We also show that the line spread (δv) of C iv and O vi are strongly correlated. Therefore we conclude that the metal absorbing regions in the IGM consist of multiphase gas correlated over large velocities.
We do not find any trend between N(O vi) and N(H i), over five orders of magnitude spread in N(H i) but there is a 3σ level correlation between line spread of O vi and N(H i) which possibly suggests that the H i and O vi occur in different phases of a correlated structure. Indeed, Fox (2011) . Existing simulations of metals in the IGM roughly predict such a multiphase correlated structure where O vi absorption originates from low density and extended region whereas C iv originates from regions of slightly higher density (e.g., Rauch et al. 1997; Kawata & Rauch 2007; Fangano et al. 2007; Oppenheimer & Davé 2009; Cen & Chisari 2011 ).
• Thermal state of the gas and non-thermal velocities : The observations presented here are inconsistent with most of the gas associated with the O vi absorption (at z ∼ 2.3) being in collisional ionization equilibrium (i.e. with T ∼ (2−3)×10 5 K). We draw this conclusion mainly from the b(O vi) distribution. Using a subsample of well aligned O vi components we find the median gas temperature is ∼ 3 × 10 4 K with none of the components having T > 2 × 10 5 K. However, 42% of these well aligned components show 4.6 ≤ log T ≤ 5.0, which is warmer than the temperature expected in pure photoionization equilibrium. In case of rapidly cooling over-ionized gas such temperatures are expected provided the gas abundance is close to the solar value (see Gnat & Sternberg 2007) . The estimated non-thermal contribution to the b-parameter using the b(O vi)-b(H i) pairs are in the range 3.6 ≤ b nt (km s −1 ) ≤ 21.2 with a median value of 8.2 km s −1 . This is consistent with the previous measurements of intergalactic turbulence by Rauch et al. (1996 Rauch et al. ( , 2001 ).
• Column density distribution : The O vi column density distribution is well fitted by a power-law with indices β = 1.9 ± 0.1 and 2.4 ± 0.2 for systems and components respectively for log N(O vi) > 13.7. We find the distribution is flatter in the case of C iv with respective β values of 1.6 ± 0.1 and 1.9 ± 0.1 down to log N(C iv) = 12.6. For both C iv and O vi the β values measured for the components are higher compared to that measured for systems. This is a natural consequence of the fact that the systems with higher column density having systematically higher number of components. While we could not make precise comparisons of these results with the predictions of existing simulations, it is interesting to note that some of the simulations (with or without feedback) produce similar trends (see for example Fig. 10 of Rauch et al. 1997) . Cen & Chisari (2011) have found a steeper slope for the N(O vi) distribution compared to that of C iv. They attributed this to the existence of transient structures stemming from the shock heated regions in the neighborhood of galaxies.
• Gas kinematics : A strong correlation (5.3σ level) is seen between the velocity spreads (δv) of O vi and C iv. However, δv(C iv) is systematically lower than δv(O vi). We find that both δv(O vi) and δv(C iv) are strongly correlated (> 5σ level) with their respective column densities and slightly less (3 and 4.5σ respectively) correlated with N(H i). We note that O vi and/or C iv systems with large velocity spread also show associated low ion absorption lines. As the low ions (as well as strong H i absorption) are expected to originate from high density regions, we conclude that systems with large velocity spread are probably associated with regions of high density. We measured the velocity offset, |∆v(O vi − C iv)|, between optical depth weighted redshifts of C iv and O vi absorption, which is found to be in the range 0 ≤ |∆v(O vi − C iv)| ≤ 48 km s −1 with a median value of 8 km s −1 . The systems with low ions seem to have higher velocity shift which possibly indicates higher ionization inhomogeneity in these absorbers. We do not find any strong correlation between |∆v(O vi − C iv)| and other observable parameters.
• Total column densities and their ratios : The total column densities of different species (i.e. H i, C iv, and O vi) seem to be affected by the presence of low ions. The median values of N(H i), N (O vi) and N(C iv) are found to be higher when low ions are present. A two sided KS test suggests that the column density distributions for systems with and without low ions are significantly different. Almost ∼ 80% of the systems with low ions show log N(H i) > 15.0 indicating that considerable H i absorption may be originating from the low ionization phase. We find a strong correlation (∼ 4.3σ) between N(C iv) and N(H i) which is dominated by the systems with low ions. We do not find any clear evidence for the column density ratios (i.e. N(O vi)/N(H i), N(C iv)/N(H i) and N(O vi)/N(C iv)) to evolve with redshift over the range 1.9 ≤ z ≤ 3.1. We find only a tentative evidence for number of systems with high log N(O vi)/N(H i) (e.g., ≥ −0.5 dex) to decrease with increasing redshift. A similar trend is also present for N(C iv)/N(H i) ratio.
• Comparison between low and high-z O vi absorbers : The b-parameter distribution of O vi components of our sample is significantly different from that of the low-z sample of Tripp et al. (2008) . The median value of b(O vi) at low-z is twice as high as at high-z (see also Fox 2011) . In addition, the median b nt value for the well aligned components in our sample is a factor ∼ 2 less than what is found by Tripp et al. (2008) . Interestingly the median value of the temperature measured in these well aligned components is found to be the same (i.e. T ∼ 3 × 10 4 K) in both high and low-z sample. All these are consistent with the non-thermal contribution to b(O vi) being higher at low-z. In the models of Evoli & Ferrara (2011) where the turbulence induced by supernova driven winds is considered, the volume-weighted b-parameter remains roughly constant between z = 2 to z = 0 [see their Fig. 6 ]. Such a case is not supported by our observations. We speculate that the excess of turbulence at low-z may originate from shocks due to structure formation.
At low redshift, a few thermally broadened Lyα absorbers (BLAs) are seen with signature of high temperature (T ∼ 10 6 K) gas Richter et al. 2004 Richter et al. , 2006 Danforth et al. 2010; Savage et al. 2011 ). We do not detect such systems in our high-z sample. This may be related to difficulties in detecting broad and shallow absorption features in the dense Lyα forest.
At z ∼ 2.3 we find the cosmic density of O vi absorbers, Ω O vi = (1.0±0.2)×10 −7 for log N(O vi) > 13.7. This should be treated as a lower limit as (a) we have not applied the correction factor to redshift path length due to Lyα line blanketing in the forest, (b) the CDDF of O vi is steep and Ω O vi may increase when contributions of numerous low column density systems are included. We calculate the lower limits on the baryonic content of the O vi absorbers assuming (i) ionization fraction of O vi, f O vi = 0.2, (ii) the average metallicity of the O vi bearing gas is 10% of the solar value as assumed in the low-z studies of O vi absorbers (see, Tripp et al. 2000; Savage et al. 2002; Sembach et al. 2004; Danforth & Shull 2005; Lehner et al. 2006; Danforth & Shull 2008) . Most of these papers have shown that low redshift O vi absorbers harbor roughly 5-10% of the baryons in the nearby universe. We find this contribution to be 2.8% at z ∼ 2.3. The correction to the redshift path length due to line blanketing (as suggested by Simcoe et al. 2002) 
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